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RETICULIN has been studied for just over a hundred years. Since Koiliker
(1852) described the reticular tissue in Peyer's patches of the intestine, a consi-
derable literature has accumulated. Much of this has been devoted to descrip-
tions of reticulin patterns in normal tissues and, above all, to the nature of the
reticular substance. Differences of opinion still exist as to the relationship
between reticulin and collagen (Brewer, 1957), and indeed on the nature ofreticu-
lin itself, which may prove to be of more than one type (Windrum, Kent and
Eastoe, 1955; Jackson and Williams, 1956).
Since 1900 a number of workers have studied the distribution of reticulin
in tumours, and attempts have been made to utilise reticulin patterns as aids to
diagnosis and, in particuiar, to distinguish carcinomas from sarcomas in difficult
cases. Much ofthis work is to be found in the German literature and most ofthe
contributors in English have only been concerned with the reticulin of individual
neoplasms without reference to the general diagnostic possibilities. It is with this
last aspect of reticulin that this communication is concerned. As used here, the
word reticulin refers to those argyrophilic fibres which are found in varying
amounts and with variable distribution within the substance of carcinomas and
sarcomas. The distribution of reticulin in tumours of lymphoid tissue will be
discussed in a separate communication.
There has been general agreement that the reticulin patterns in carcinomas are
different from those normally seen in sarcomas. Controversy has arisen as to
whether these differences are sufficiently constant to be valuable in diagnosis
and, above all, whether the patterns are maintained in cellular and anaplastic
neoplasms which form the group where diagnosis is frequently most difficult.
White (1900), Niosi (1915), Edelmann (1925) and, in particular Ascher (1934)
carriedoutextensiveinvestigations into thereticulinpatterns ofmalignanttumours
and came to the conclusion that the method was ofdefinite value in distinguishing
carcinomas from sarcomas. In the former they found that the reticulin fibrils
tended to be arranged in an alveolar fashion surrounding groups of cells (Fig.
1, 2, and 3). Sometimes the groups were large and gave the impression of sheets
of tumour cells with only perivascular reticulin. In sarcomas, however, they
noted a network of fine fibrils often closely related to individual tumour cells and
forming an intercellular supporting meshwork for them (Fig. 4, 5, and 6). The
alveolar pattern found in carcinomas was not seen in the connective tissue group.
Reference must now be made to the very admirable M.D. thesis submitted at
the University of St. Andrews in 1937 by the late G. R. Tudhope. As far as the
writer has been able to determine this work was never published. He describedRETICULIN PATTERNS IN DIAGNOSIS
the historical background to the study of carcinomas and sarcomas and discussed
at length the stromatic architecture of many tumours in terms of the collagenous
stroma and the reticular stroma. He considered both the nature and origin of
reticulin and described its distribution in many cases which he had personally
studied. He was particularly concerned with its value in diagnosis and he came
to the conclusion that, even in the most anaplastic and cellular tumours, a study
ofthe reticulinpattern was often ofvalue indistinguishing diffuse carcinomas from
sarcomas. He believedthis tobe true bothofprimary tumours andofmetastases.
In carcinomas he described the reticulin as having a peri-alveolar distribution
around groups of tumour cells whereas in sarcomas intercellular fibrils occurred,
and the alveolar pattern was lacking. He stressed that, in some very cellular
carcinomas, reticulin was scarce and the alveolar pattern was lacking. However,
even in those neoplasms, there was no reticulin in the midst of cell masses, or
closely associated with individual cells. During these years other workers studied
reticulin patterns but were not convnced oftheir constancy or oftheir diagnostic
value. Speciale (1924) saw noessentialdifference inreticulinpatterns inepithelial
and mesodermal neoplasms but some of the tumours of lung, ovary and adrenal
selected as examples of sarcomas cannot be accepted. Cohn (1926) believed that
a degree of anaplasia could be reached when both carcinomas and sarcomas lost
their typical patterns which were therefore unreliable in those very cases when
help was needed most. Willis (1953) forcibly expresses a similar view as follows:
"It istime, too, forpathologists to recognise that study ofthe fine relation-
ships of stromal collagen or reticulin to the cells of anaplastic tumours of
doubtful nature will not enable carcinomas, sarcomas and other tumours
to be distinguished."
He continues:
"My opinion after considerable experience of special stains for connective
tissue andreticulinisthat, whiletheseoftendo delineatefairlycharacteristic
patterns in typical specimens ofparticular classes of tumours, they are of
no value in identifying tumours of unusual structure or uncertain nature."
In addition to papers concerned with the broad distinction between carcinomas
and sarcomas there have been a number of other communications on reticulin
patterns. Foot and Day (1925) stated that the absence of reticulin in neuro-
blastomas distinguished them from lymphosarcomas. Traut, Kuden and Cadden,
(1939) stated that a study ofreticulin distribution enabled granulosa celltumours
to be distinguished from those composed of theca cells. They found that theca
cells were surrounded individually by argyrophil fibres whereas granulosa cells
and lutein cells were either not enclosed at all or were enclosed in groups. Hsu
(1940) described a number of intracranial tumours apparently arising from the
meninges, and maintained that the presence of fine reticulin fibrils proved their
connective tissue origin. A similar type of case was described by Tuthill and
Meredith (1943). Gouyou (1946), in the course of his study of reticulin in semi-
nomas, found that the reticulin patter was of value in distinguishing necrotic
tumours which containedreticulinfromgummata. Valls, Musculo and Schajowicz
(1952) claimed that the amount of reticulin in reticulum cell sarcomas of bone
was greater than that observed in Ewing's tumour and this has been the writer's
experience (Lumb and Mackenzie, 1956).
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It is clear that there is no unanimity of opinion regarding the value of silver
impregnation in the diagnosis of malignant tumours and a further investigation
seemed worthwhile. In the present study the reticulin patterns have been
observedinthree hundredprimaryand secondarytumours. These havebeenmade
up of one hundred and sixty-four carcinomas and one hundred and thirty-six
sarcomas of various kinds. Reticulum cell sarcomas were examined as these
provide a differential diagnosis from anaplastic carcinomas. Attention has been
focused mainly on the more anaplastic tumours and these have only been accepted
for study where clinical, histological and often autopsy studies have placed the
diagnosis beyond reasonable doubt. All sections were stainedwithhaematoxylin
and eosin and by Gomori's silver impregnation technique. Table I shows the
number oftumours studied and their respective types.
TABLE I
Carcinonas-
Anaplastic squamous carcinomas . . . 48
Metastatic carcinomas . . . . . 40
Miscellaneous carcinomas . . . 35
Oat-cell carcinomas of the lung . . 20
Adenocarcinomas of intestinal wall and lungs . 15
Carcinomas of the kidney . . . . 6
164
Sarcomas-
Fibrosarcomas . . . . . . 28
Osteogenic sarcomas . . . . . . 27
Synovial sarcomas . . . . 20
Metastatic sarcomas . . . . 20
Reticulin-cell sarcomas . . . 18
Miscellaneous sarcomas of uncertain origin . . 11
Leiomyosarcomas . . . . . 5
Liposarcomas . . . . 5
Rhabdomyosarcomas . . . . . 2
136
Tables II and III show the carcinomas and sarcomas considered collectively
but divided into those cases where plenty of material was available for study
and those where only biopsy fragments were seen.
EXPLANATION OF PLATES.
FIG. 1.-Alveolar pattern in poorly differentiated adenocarcinoma of stomach. Silver
impregnation. x 190.
FIG. 2.-Alveolar pattern in metastatic carcinoma of breast in axillary node. Silver impreg-
nation. x 190.
FIG. 3.-Alveolar pattern in hypernephroma. Silver impregnation. x 120.
FIG. 4.-Fibrillary pattern in fibrosarcoma. Silver impregnation. x 175.
FIG. 5.-Fibrillary pattern in reticulin-cell sarcoma. Silver impregnation. x 175.
FIG. 6.-Fibrillary pattern in cerebral metastasis from osteogenic sarcoma. Silver impreg-
nation. x 180.
FIG. 7.-Mixed pattern in synovial sarcoma. Silver impregnation. x 100.
FIG. 8.-Alveolar pattern in synovial sarcoma. Silver impregnation. x 145.
FIG. 9.-Case I. Alveolar pattern in anaplastic metastasis in lymph-node from carcinoma
of lung. Silver impregnation. x 280.
FIG. 10.-Case II. Absence of intercellular reticulin and alveolar pattern in anaplastic
carcinoma. Silver impregnation. x 145.
FIG. 11.-Case III. Fibrillary pattern in sarcoma of uterus. Silver impregnation. x 180.
FIG. 12.-Misleading alveolar pattern in fibrosarcoma. Silver impregnation. x 90.BRITISH JOURNAL OF CANCER.
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TABLE II.-Adequate Tissue Available
Typical Predominantly Inconsistent
carcinomatous carcinomatous or
pattern pattern misleading
Primary tumours . 52 . 32 . 6
Metastases . . . 20 . 3 . 0
Typical Predominantly Inconsistent
sarcomatous sarcomatous or
pattern pattern misleading
Primary tumours . . 50 17 . 7
Metastases . . 13 . 3 . 1
TABLE Ill.-Fragments Only Available
Typical
carcinomatous Mixed
pattern pattern
Prirnary tumours . 20 . 14
Metastases . . 11 6
Typical
sarcomatous Mixed
pattern pattern
Primary tumours . . 15 . 7
Metastases . . 2 . 1
In Tables II and III synovial sarcomas have been omitted since they have
characteristic and variable reticulin patterns. A number of writers including
Haagersen and Stout (1944), Bennett (1947), Tillotson, McDonald and Janes
(1951), Wright (1952), and others have described their histology in detail and have
pointed out that two components, the fibrosarcomatous and the pseudo-epitheial,
often co-exist. This fact is reflected in the reticulin patterns and, of the twenty
cases studied in this series, eight had a mixed pattern (Fig. 7), seven a carcino-
matous one, and five a purely sarcomatous fibrillary pattern. Pseudo-epithelial
differentiation produces a carcinomatous alveolar distribution ofreticulin (Fig. 8).
Silver impregnation was not found to be of value in distinguishing other
forms of sarcomas from one another. Bone forming osteogenic sarcomas, lipo-
sarcomas with a high fat content and fibrosarcomas with extreme myxomatous
degeneration often gave unsatisfactory reticulin preparations but the fibrillary
picture was still apparent. Fibroblastic tumours such as the dermatofibro-
sarcoma and the desmoid tumour conformed to the sarcomatous pattern in the
few cases examined.
In Table II the importance of those cases showing only a predominating
pattern lies in the fact that a biopsy might well have included only the atypical
areas. With metastatic tumours in lymph-nodes information can be gained not
only from the pattern of the tumour reticulin itself but also, by outlining the
sinuses, it is often possible to see the exact location of abnormal cells. Silver
impregnation is of considerable help in distinguishing a lymph-node destroyed
by a reticulin-cell sarcoma from one destroyed by an anaplastic carcinoma.
Fig. 9, 10, and 11 illustrate three cases where the method was of value. In
Case I an axillary lymph-node was found to be replaced by a pleomorphic and
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anaplastic tumour and a diagnosis of Hodgkin's disease was suggested. At
a subsequent autopsy a primary carcinoma of the lung was found. Fig. 9 shows
the original lymph-node stainedfor reticulin. InCase II the diagnosis laybetween
an anaplastic carcinoma and a reticulin-cell sarcoma. Fig. 10 shows the carcino-
matous reticulin pattern and this diagnosis was borne out by the progress of the
disease. Fig. 11 illustrates the fibrillary pattern in a uterine tumour biopsy.
Originally diagnosed as an anaplastic carcinoma, multiple sections from the main
tumour mass revealed a pleomorphic sarcoma.
DISCUSSION
This study ofthree hundred primary and secondary carcinomas and sarcomas
suggests that a study ofreticulin patterns by a silver impregnation technique can
be a valuable aid in the diagnosis ofprimary and secondary tumours ofuncertain
origin. This value increases if the following factors are fully appreciated.
I. Adequate material
Examination of Tables II and III, shows that mixed misleading patterns are
often encountered when only fragments are available for study. Fig. 12 shows
an isolated area in what was otherwise a typical fibrosarcoma. This area, though
small, was larger than a biopsy fragment might have been. It seems inadvisable
therefore toplacereliance onreticulinpatterns unlessadequatematerialisavailable.
Fragments are also liable to include artefacts due to crushing and diathermy.
I. The hazard ofpre-existent reticulin
Tudhope (1937) stated that reticulin patterns, particularly in metastases,
should always be examined in the heart of the tumour and not near the invasive
margin. He believed that, at the margin, the tumour reticulin was intimately
mixed with the pre-existing reticulin of the part being invaded and that very
misleading pictures could result. He also suggested that, at times, the reticulin
content of an invaded organ could alter at points ahead of the actual tumour
cells, which made it doubly desirable to examine the pattern in well-established
areas ofgrowth. This is clearly a wise precaution though, in the writer's experi-
ence, reticulin patterns are soon imposed and may be quite typical even near the
margin. Occasionally very small groups of metastatic sarcoma cells may appear
surrounded by the reticulin of the invaded part giving a false impression of an
alveolar pattern.
III. Chance distribution
In certain instances, particularly when reticulin is abundant, reticulin fibres
may link up and give the impression of an alveolar pattern. Similarly occasional
fine fibrils will be seen between individual tells even in the most typical carcinoma.
Errors of interpretation can be avoided by having adequate material available,
and by a careful examination under high and low powers.
IV. Irradiation change
Irradiation, by causing an inflammatory reaction, necrosis and subsequent
fibrosis, can mask the true reticulin pattern in a tumour particularly in biopsy
specimens.
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It is undoubtedly true that increasing anaplasia tends to render the patterns
less well defined, but the writer is in agreement with Tudhope that the investi-
gation is still worth doing in these cases. Particularly in anaplastic tumours it
may be necessary to assess a predominating reticulin pattern and the observer
should not be unduly influenced by occasional fibrillary areas in a carcinoma or
alveolar areas in a sarcoma. Here again the importance of possessing adequate
material cannot be overstressed. Even under the most favourable circumstances
the method should be regarded as a link in a chain of evidence and not as an
isolated test capable of proving the correctness of a diagnosis.
SUMMARY
1. The reticulin patterns of 164 carcinomas and 136 sarcomas have been
examined.
2. The method is considered of limited but definite value in distinguishing
primary and secondary carcinomas from sarcomas.
3. The importance of possessing adequate material for study is stressed.
I wish to thank Sir Stanford Cade for permission to study many cases under
his care. I am indebted to Dr. A. D. Morgan for his advice, to the Librarian of
St. Andrew's University for the loan of the Thesis, and to the Department of
Medical Photography, Westminster Hospital.
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